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' There'lare sever:1 constants which have bden devise.d 
. . ,. ; 

as numerical representatfqns qf.the.bebavior 'of'met'als under 
the act+qa.,.af ,l.oa.d&ngs"wh-%d'h str.6s.s .the. metal within tha 
rang'e' df .elast,so, actfoX; 

1 ', 
,.9:orn4' of theso! constants; 8uc.h a.s* '. . ,,. 

Youn~'f~.plpd'ulu~s:..of~ e,las-ti'&it$“.$,. t'e.ni.iom.,and- i:oinpkess-ion;..., . 
shear.ihgj modulps..of elasticit$; and,.Poissgn~~s~~$tib,, Bra 
regularfy,,u~cd..in: enginoitSln~';cplculaCfons;.- Pio$fye**.,tosfs ..,. ; 
and expari~nc.e,iqdicat~'fhst these,el@s-tQ :aonstan,tri are,;..: l,,:. . . 
practrq!ally unaf.fec%ad :by.:ma'ny 'o,f:'.the, :fa.ct.ocs. Gh4ch',iinfluer+e :c 
the other, ~m~eehanical p.r'Fp.ertios .,?,f. ti-a,ter3al.$ ,an.d that ;,a f&v , ' 
careful- de~e,rmiaati.ons'-'un'der prope'rly controll&. cdnditi'ons '.I 
are more useful and reliable than many determinat+ons.msde 
under less favorable conditions,, :.: .; ~. ; . . 

,a, ..'. ..:. '.. :., 1' : . ..a .. 
. . . '. ( . y.. .: ... ._ ,.. 

It'~f$':ih%.purpose .of:.this 'paper to outline.,th& methods .:-. . 
ernployeh'~by:~~e.Alurn~num >Resoaroh'Labozatories for the'deterc',. 
mination' of I.&&me. of those elastic. constant.5, f'o 'list. :the values.' 
that h&To 'boon, determlnad for, .s.omo .of ,t,he,..wraught- aluminum 'al- 
lOYS, &n.d to ind,ic~.te:.tho-'darfa,ti2on's in ..tha values that ma? be ., :. 
expected fpr;sdm,e -of .the commek:cial products of.,these alloys, ..' ;. .. .' :.. . L_-,; . . -yd,2---.-~w-- a_ . -B-e' 

. 

*In Zhis...dicu$sion;-from. tha'viewpbi$t of.the'dosigning 
engincetirs'.interost,' ltprocisell is'intondhd to maan within 
limits af orror'of about 1 portent, The authors appr.eciata 
that othar more precise methods are,avai.lable, wfthwhibh 
the elastic constants:,.of metals &an,be, determined. Ll$.th&n. .,(.: 
closer liiiilt+;',"~~ Sb& degree 'of tire'c$s,i;bn, ~owc~o~~~“~i~s gonor 

.: 

ally of--m&e' .int,ekest: to: the $hysi'$i,st.. and the .aCddem%&' re- 
search worker.fkap to;the d.eslgning"~nginesr, . . . . . 

t RESTRICTED 
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METEIODS OF DETEXKINATION OF ELASTTC CONSTANTS 

Since the cval&tion of an elastic constant of a mot21 
involvos the precise determination of the strains resulting 
from stresses set up in ths material by applied lcads, it is 
ess?ntihl that-the loads be known within suitable limits of 
accuracy, The loads are usually applied by means of one of , 
the many types.and.siqeis'mof commercially available testing 
machines, Even though well-racognizod standard methods (rcf- 
erance 1) of verification of testing machinas are followed in 
calibrating tho machines to be used in determining the olzstic 
constants, yet it should be noted that those standard methods 
of verifications are primarily intended t.o check the .machincs 
within limits suitablo,for accaptance testing of materials 
against product specifications. Present verification stcnd- 
ards require that a tosting machine shall have errors in its 
load readings not greater .than.?l,perccnt, within the loading 
rango to ,bo usod, ~ v 

. 
;Por the pr'ecise det.e.r'minati.on.'of the.elastic constants 

of metals; smaller:limits fo.r.th.0 load errors are necessary. 
This may'not require a testing machine with,smaller errors 
but (a) the magnitude of the errors must be known within 
oloser'limitd; ('b) the sensiEivity.of the machine must be 
commensurate ti,ith the smallor' :error limits; (c) the repr& 
ducibility :of the indicated loads 'must be within about tho 
same smallor limits; and (d) the loads must be indicated 
within suitable limitsiundgr th$ conditions.usod during tcst- 
ing.(rcfarcncc 2). .' .. '. I . . 

In tittompting to meet.,those .requiromcnts the Alumirtum 
Research Laborat.orias have made t.hree separate calibrations 
of each load rp.ng.0. of-t?ne testing machine to be used; the 
average of these three sots, of data comptire'd with tho data 
from tho National 3uro'au of Standards! report on the cali& 
brati-ng device used; and the loqds indicntcd by the testing 
machino corracted.in.accordnnoe with the observed errors. 
Comparisons 'of the indiiidutil readings for each of the dif- 
ferent ldnds,,used .in th-c thre'c Calibration runs'show the 
sensit'i,vity r?nd rsproduc.ibilfty 'limits obt,ain.ings Very slow 
rates of l'oading are used.to, minimize if not eliminate any 
dynamic effects, . . . 

Tho calibrating devices used, proving rings, Amslor 
boxes, c,nd similar elastic doyicesi: .havc been calibrated by 
tho National Bureau of Standards iith their dead-weight 
machincs (rofcrenco 3) and found to have errors within less 
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than ~tO.2 percent. The errors in the National Bureau of 
Standards dead-weight ma+-inas:.are- l&s. than 0.02 percent 
and th3 maximum pernissi&ie depiation of each .roadi%g of an ' 
elastic calibrating device.i,s &0.2'percent from an avorrgo 
of at least three read'ings under the .same load.. Using these 
calibrating devices and following.the procedure outlined it 
is possible to determine the tensile and compressive loads 
usod in making precise tests within-20.3 portent. 

Si~~~~~E,~considJration must be given to the verification 
of the btra$,nomcters to be used in making precise detormine- 
tions of.~k~'~e~~~~ti6i~~nstants of metals. Unfortunately such 
standard mi$hods~ara~,not:in existence at the prcsent time. 
Proposed..st,andqd qefh+s, Jhowovor, have been prcpared by a* . 

L mombor of the :s.taff 6of!,.thq qational Bureau of Standards and.! 
published by't&& Am*or.$can Society for Testing Naterinls (:rcTi.:: 
erenco .4j:, 'Id. .'t&.eae jprLopjos.ed methods, strainomoters are . -a., '.z 
classificd'in.t'd' f&e'difforent groups of which Class A is 
the one suit,cblel,f,o,r. thc,,pr+ci$e determin$&i%iti Wf the d1,ist:'i.c i ,. 
constants of m&ta.lB..,. The na+imum pormissZ%%?e'-~co'ror of'indi-- 
catcd strain for '.t$i$ cl.ass of:. strainono.t.o?r?s is 0.00'001 inch 
per inch, The Tuc.korman, and ,&rtcns mirror %;~pnratus, (rofer- 
encc 5) arc rop,rcisonta?mivp of. tho $ype,.o:fi: straf'none~~t'or' which L, 
would c.o.mo: wit,9i'n ,t$~i.s~~rop~oscd. Class. A.. ,Tho' Aluninum' Rc&ocrc& .: 
Lavcorat'orics‘ ha?.o., a.Tuck'erman autocoll.imator'&%d. four 'optical ,L.; . . _- I, 
strain gages'. @ac.h.:.o.f which,. ha,s b,een individu&tly! &&'libr'g$-e'd' '* "!J '. 
by the Nati.onal: Bui.e'a~:~~$f. Standards (referen& 6')., and 'sui'tnbi.;! " 
consta~'~;~:f'~~~.~~h~d,,~~~~ <Fe bith each. of the,'i&n'ges; .These " 
calibFat'ioh; resu'lti;; indicate..>.hat .those.gages; Gill'.-giqe'. strain... 
valucs'within ~ibou~..tO.,~ 13orcent.. . . . :. 

.: .; 
* ~! .,~ :., 

This Tuckerman.apparatus and the'.Pational:Bureau cf' .' * 
Standards1 calibration data fqr,:j,t: have beeli used 6y-the-AluL" 
minum tiesearch Labor,&tories :to;checkithe Templin Istrainomefer., -'~ 
calibrating device (reference 7). This device is used to " 
chock other strainomoters such as the Martons mirro,r- app.arm 
tus, Ewing, ,Bf.ah.l,e, land Q&sen .:dxtt:cns.ometers, Hug$enb&gdr :,', 
tansomctcrs , :an,d' &Q f:orth,- The, results ,ob.ta'incd in cb.ecki'ng."-' "_ .f 
the straiaomo-tqr 'calibrat,in'g .dov.ice with 'the Tuckormah a$par',&'! '..:. 
tus indicnt,cd".that: the c~a,li.brati.on factor, for the de-vice,, *on, y-k " 
the basis of. ~p.c~.y ic.$eck. zu,ns: vprging by about 0.1 percenZ,; 
could be .detoy~~.~o,d..w.lth~p .@0~1&:f-0,2-. porcont, corrosp.onding 
to the err‘o.r,,l')init. m.~.nM.pq~ed~ pr~ov$.ous.ly~ for. the Tuckerman 
apparatus. ~..,;&:i .'c'; j;l;;i,.;',,' +; :; -:r.3 :..: ;: '... ; . . . . . -. 

,- :I+ n:. . ; .:; _ p I me L .> ‘;'r. 'i . . 
It i$ ,ccc-esgy:~;;.t~~~~r~ci~'e determination of tho ' 

elastic conitanfs'of metals to-.load thc:spocimens uniformly . ,‘., : 
nnd axially.so that the s,tresses.inducod in thc.speci&ons will : . 
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be as unif'orm as,,p~s,sibls (-refercnco 8). Experience ha's .'.* 
shown that it is .u-sually'n'o'cessary' t,o.p.r,,opido special fix- 

or dcvicos .to' insur.e uniform stressin-g -of *t-he spsci- 
. 

tures 
ncns within c1os.o.r ljni'ts than' would be;obtnincd with tha ,*. 
devices generally prqvided'vith.:Fommerdfal -testing m8Chinss. .- 
In the case of ten&ire srjecfmens satisfactory results have 
boon obtained by the use of threaded adapters, supported 1~ 

tho testing machi,ne'b,y suitably: designed,' precisely made, 
and properly lubri~atod"sphe~ricall~~-~eatod toizslon bolts. 
Other typos. a$ sheck,los, (rcforoncos 9 and 10) also have 
given stitisfaq,tory"results.- ' Vsing such, equipment it has 
boon.found.by .actual tosts that tho .dovintion.df strain 
from tho avosago v&lua, *as measured at 'vqrioud 'Zocntions 
around the specimen, 'will bo'within i :perc~nt~~'~Avoraging. 
strain ra’ad5n,gsS .f~am~o~poiito, .olcments' .oZ. th'o"sprbinon .w.iI.l : 
reduce' -~t;ris~ :orror‘. clo.so' to'kh'at, ofP.$he' B~ra.~~~on~'t;crs.s.~usod. I_ -I '. ~ .,: ';; '. s ..,. . .". . 

.. 
For spec.';"ens.::uqde'r compression 1.oad.s; greater diffi--' ' 

cuit$cs are :ofton en<duntoro'd in ohtaitiing tiniform,:str,qs.sing ": 
when'usink tho..commarcial'tcsting machines avtiilablo, ThQSC 
difficultic.s.'arise from such factors as .&t~o&para11e11sm~ ' 
of"thc tcsting. mnc,hi,no, pl&tans, errors 'iti the' p9tch of the , 
main screws. of the' testing 'machino, and)elasticdistortion 

'of thc.$lo.tans b,cnring 'against the and& of;l the kpecimo4n. " 
I!ho"uso'of.a ,suitably dqsf'gno.d subpross '(r,efor@'nce' 11) or 8 
platens (raforonue.12) in*-t'fic tosting mschi~c:mini~izcs or 
alirnistitos -mqny qf the, mador troubles onhountorod in obt:;i:l- 
ing unif.orm,strcssing of~the'cowprc,ssion,spocimcns. 13 d r?ti'. , 
obtzincd" tritb, such apparatus t.hc: davinti'o'ns from tho nipcr,?gc. 
strsss should bo not moro.,thnh those indicated fur the tensile 
test (within 1 percent}, and .a!;8 *in the CC,SQ of' the ten-silt-Y 
tost, sviitrcging - strains from opposito 'elomcnts of the s~cci- 
men.:will r.cduco.:this 'error-closo.to .t.he errors of tho strnindm- 
Btore. h 

. . 
. 

.a 
The toasilo tdst specinori. ordinarily.,usod forncciptzqco 

tests of uctals is'n'ot pcrticularly woll'suitcd'-fcr uso ih. 
dot'ornirr~ing: 'the .ol,as.tic constantk,.. A suithblc' spocinen (n) 
should have a unifo.rm.'cross section throughout 'i-tqreduced 
section;, (,b) should have' the ,:axis .df. its ,r.educed section ' 
coincident w:th .t+e axis of.‘the ends,of'd,hc specimen; (c) 
should have a reduced section length appreciably longcrethan 
the gaze. length;'(d) should have a grad&i transition in 
cross aoction bctui'oon'lth,o'r-educed section and tho ends of the 
specimen; (Q) should be straight throughout.its length; (f) 
should h'avc~,& !sckom,c of, gripping that will insure,. insofar 3s 
possiblo, un.if,orml ~~s,$cr"o'ssiti~g 'during loading (accurately ch=?sod . ' ;. '. a. . , :: . .. 

, 
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threaded ends or preciie$y"iha&hi&d‘ shoulde.red ends will 

. meet this requfrement); (g) should be machined smooth and 
carefully so that any,residual stresses or heating effects 
will bs at n,minimum and'at,'&eabt negIigib&e; (h) should be 
from a product free from internal strains that wfll,c~tis~. -.- ‘, 
distortion,and.hence require straightening of the specimen 
during pro+ration; and (i) the cross-sectional area of the .. 
reduced section and the -gage length should 'be .dot?rmined 
within suitable limits, say within '0-I. perc.ent. The type 
of specimen used by the Aluminiim~Research Laboratories fdr ,:.. 
determining the tensile and bompressive elastic constan-ts ':. '-1 
is shown in figure 1, and in the photograph(fig. 2); _ 

. 
Here it may be .omphasized that the procedure .butl.ined .-'; 

c 

is for the purpose of determining the elastic constants of *' ...* 
the metal nnd not for detormining the apparant effects on 
the constants of many of the factors involved in the test- 
ing procedure, The effects of thes,e,faptors on the values 
of tensilo and yield strengthi'fdr example, may be of little 
practical significance, yet be nppreciablc in their effects 
on the elastic constant vaJ.ucs, I ., . T "-7 -, . I. : ., . . . *. : ' .: .: . : :: . f . ,. 

In all..of th.e-‘;'C:al.~b'r.a~i'oh“ an‘h' fes't'ih&. 'p:koo.e.dur'es' just _. ,. ., I,., 
. . . -.;-. 

discussed, consideration must be gi.+enUto'the'ef.feats of $ temperature, This is regularly done by the National Bureau 
of Standards in their checking of load calibrating devices 
and was done in their calibration of,the Tuckorman strain 
apparatus mentioned. it ivas also t&&n-.ikta account by the 
Aluminum Research Laboratories in chec'king their strainometor 
aalibrating device wfth the Tuckerman apparatus. The elastic 
constant values herein given wore dotermined, at.tem$,eratures :i- 
close to,thoso, ab'tainihg for the cnlfbr:ation work and care " ' r 
was exorcised to 'provent any.apprecic;bf'e temperature changes .: :. 
during the tests of a givon specimen, When determining the 
elastic constants of a material having a relatively high co- . 
efficient of tho,rmal expansion, tompsraturc,control is osson- 
tial for procisc results. 

,, . . ., - y' 
Tho elastic constant stros&btra$n data, obtained using 

the testing prccedure just doscribod, should be treated by 
more refined methods than genera.+3_y..,used,In:.dctermining tho ' : 
other moc.hatii'hal proparties.. Am'ong thho.procedurcs that ccn 
be used,? the'ones suggested by.McVetty and.Moc3hel.(refcrcnco~ ' :: 
13). and Tu~kor~~~'(.ref6~~b;hc?',:14);:hnve boenlfound quite sstis- : .:: 

. factory and-&r'e rogular3.y usbd'.,?jr,,,tg,'~l4?inun aesoarch Labo-',.. j 
ratorics, .J; . : .y \:I :' ., .: 1 . : : . . - :; 

. .I y + ; ': :. -; ;. .T > L: -1 I _, p. .., . . I 1. .I - .y ' .: ;.. -, I . . c. ., . . .: I. . . .,f. ',:,l .: 1.;; .-. . .;: *' .' : .' : 
4 .,. ,a- 9 : f. Jr-' ;: _ .._ 
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' . ., 
At..tha piesen.t:timeflthdre are:no.standard .methods 

for deterlnI.sirrsIt'h;;'869~~ .modulus of metals,. The values 
given-in t5is paper.were,. obtained $roin torsion tests of 
solid round .spsc,imeqs't'ested,,in .an :An;sler 'tor,sion machino. 
(Typo~l50/'300 T87) ( reference 15) which is:provided with 
a dead-weight calibrating device and a Martensmirror trop- 
tometer,.':Calfbration.with stand&rd.qe$d *weights (50 lb 
each) 'checked against a master'weighi;' certified by.the 
Eational 3ureau of Standards shdwad'a maxirhum eltror forany.. 
of the torque'r&nges used 'of not more than OiS percent. 
The errors of t.he t~pp~s?~etprlare.believed to,.@.0 lsss.thnn 
0.2. poroguC,- : .:' .: ,, ? . . . . - . . . : . ,:, .. , . . 

. ' 

. 

. 

POISSON'S RATIO 

Tho Poisson's ratio values given have been calculated 
from the well-known relationship existing between Young's 
modulus and'the shear modulus:. 

,. 

'E-237, E 
P = -,-.-L- or -- 1 

2x, :,23; * I . 
* 

The 'v&luas.thus obtsined'indicate.'aniave$age value'for ' . 
Poissontsratio of'ebout'l/S, ari~I’~-t‘~is virltie is recomnendcd’- 
as suit;bbl$ fbr.'moot engineering &e$ign purposes. 

. . . . " . . * .::. : . . 
c:,; ',,, /.. 

. 3G~u~:s 0~ W~~S~IC~~NST~~~TS 'FOE ~0hsi~mxA~ ' :, 
. 

' ,,'. . .I WROUGHT ALUMINUK ALLOYS 
, : . : ',. .' ' .-. *: : , 

I .- . . , t 
'Veluos b;f'the moduius."cf .elasticfty of wrought aluninui:. 

alloys in t.ensioli, dor;ipress;S.on ' and shear determined in accord- 
ance with zlethods indicaiid.abbve aro given in table I. T!csts 
have indicnted that a variation 0; only about 1 or 2 percezt is 
to,be oxpecte8 in -the f'ensile and co&prcssive values in vRi-i{us 
lots iznd forms of a given wrought alloy even thotlgh the cor.:po- 
sition, hoat treatment, and cold work introduced in fabrication 

. 
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vary throughout -the-corplete'range permftted by good comner- 
cial practice. The data pertinent-to the shear modulus 
values are somewhat meager but by inference corresponding 
small differences would be anticipated with variations in 
the factors just noted. The extreme variations in these 
constants of 5 to 10 percent or more, found in the litera- 
ture, are undoubtedly the result of the use of testing 
methods unsuited for the precise determination of these con- 

- stants, A.-testing technique may be entirely satisfactory for 
the determination of tensile strength, tensile yield strength, 
and elongation and yet be quite inadequate for the precise 
determination of modulus of elasticity. 

Since the modulus of. elasticity is practically constant 
for,a given wrought aluminum alloy product, and since precise 
values are available, it is rarely necessary for ordinary 
engineering and research purposes to attempt to determine th,e. 
modulus for a given lot of such, materfal fnvolved in any 
project. For most cases it is quite satisfactory to accept 
the precise values of modulus listed in the accompanying' 
table, It may, however, be desirable to determine the stress- 
strain curve for individual lots of .naterfal because the part 
of the stress-strain curve above the proportional limit may 
vary for different lots and for different product forms of 
the same material (references 16, 17, and 18). Such an in- 
dividually determined stresstistrain curve,' while entirely 
satisfactory for indicating the shape of the curve, may have 
a slope for the initial straight-line portion different from 
the nominal modulus of elasticity of the material. The rea- 
son for this difference often will be found in the various 
errors involved in testing, and the magnitude of the differ- 
ence can usually be considered a measure of the over-all 
effects of the errors obtaining, 

CDRRECTION OF DATA FOR ERRORSIN TESTING . 

,b, i. . * 
Correction of a stres's-strain curve for.errOrsin test- 'km 

ing can be done by adjusting'the slope of the initial straight 
line to equal the nominal modulus of elasticity and applying a 
suitable consistent correction to the remainder of the curve, 
The nature of the correction'applied.,to the.remainder of the 
curve, of course! will,depend upon whit type.of errors are 
suspected of being responsible for the.'faulty .&nitial slope, 
The following types of.errors are encountered:, 

.' . : . . 
. 
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1. Errors fn'ma&n$tude of-strain, the error being ap- 
proximately proportion&l to the load, , 

.' . 
Example: 

.' t 
The approximate strain on a compression member' 

may be measured si.mply by placing a dial gage arrange- 
ment between the platens of the testing machine so that 
the movement of one head relative to tho other is mcas- 
ured. This measurement will include not only the change 
in length of the' specimen but also the elastic distor- 
tions of the heads of the testing machine, which fn a 
short specimen.may prove to be an.apprzc4n.b.l.o portion- 
of the total movcmcnt. It is raaso&$.blc to suppose .. ' 
that this'di:s'torEion of the hcads,,being.elnst:c, f.s.!,- .i 
prbportionaI~'fo:the load on t!?e tocti,ng.machinc; ', I *.';' ., 9, . . ;' 

In such instk.nctis-'the best proocdurc for..corrocting the 
stress-strainVcur+eIls .that indicated in,.figurP 3. * 

.- :,7':..;:'. * 
2. Errors in'P;la.&itudo: cf strain, the'error being 

approximately proportional tp.tho strain;.':.' 

. 

Example: . . 
. 

Faulty magnification ratio i:n the strainoneter. 

In such cases the best...-mcth.od for correcting the stress- '* 
strain curve is that Sndicatcd in figure 4. 1 . . '. '. : 

3. Errors in magnitude of loads, the errors be'ing .' 
approximately p,yVoportions;l to .the load. . - .; ..-a. . . 

Zxamplc: 

Errors in load-weighing mpchnnism of testing, 
machine. . 

. . 
*In such CRSCS the-best mothod for corredting the stress- 

stra'in curve is that endicatod in figure 5. I . L. 
h'hen the ty?a -of error leading to the faulty initial 

slope is not apparent from 9. consi.dcra.tion of the nothods qnd 
apparatus used, it is perhaps best to correct the strcss- 
strain curve by some combination of. the three methods. For. 
example, the differonce betwoen the correct modulus and the . 
apparent modulus can be divided into three oqual pnrts and a 
third pnrt of the total correction ms.dc, in turn, by psch of the 

l 
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three methods.s~ggested.-.T-he three .steps, corresponding to 
. figures 3, 4, and 5, ,might be performed as follows: , 

1. Correct each strain reading so that: 
K,f 

Corrected strain = measured strain - - 

where K, '= ;-p& - 1): ,, "-. '; : ;I' 
. :- ,: i . :. '. : 

2. Further correct each ,of the ab-o~a'.c'or:r'eoted' ‘strains. 
so that:. . '. : . . 

.- ' ., Final s;trafn 7' KS- x .above correc.t.ed strain'; 
: ;:. .- . . 

where Ke = 
2Ea + E = 

(approx.) 1 - Kl . 
. . " : $, + 2E , I. .,: y ‘, .*: . **. 

. . . . L 
3.: Correct each stress reading so that:r ,' 

Ihal: s,t i-*0 s 8 ="K, x measured s'tress; 

. 

,j’, : 
.where K, =' :' = (approx.) 1 + Kl . ,, . . . .. '!a + 2E 

: 

When tho'se:fPtiai' stres~~e~ and final strains are'replotted the 
new mpdulu,s'.line w$,ll,have th.e..desired correct slope and the 
enti~ee‘,curv~,~wll~proba'oly be‘nuch nearer Its correct position, . 

!?.!hc above suggestions for correcting data are not limited 
to stress-strain curves but are also applicable in prindiple- 
to other types of data+ such as.some 1oadAdeflection curves, 
in which the correct initial slope of the curve can be deter- 
mined from the known nominal modulus.of elasticity of the ma-' 
terial, ' 

. . 
THE MODULUS OF ELASTTC~TY'OK' ALCLAD PRODUCTS ,' 

. 

The alclad products consist of a central core of high- 
strength material protected on each side by an integral layer 
of a different alloy, usually of lower strength, which is 
sufficiently anodic to the core material to provide electro- 
lytic protection against corrosive attack, In such materials 

. the determination of modulus of elasticity is considerably 
complicated by the fact that the core and coating may not only 
have different moduli but may also have widely different -' 

4 
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proportional limits,,S When the pieces p,rc an\formly strssscd 
within the elastic 'r.<'r?&e .'of 'b-oth t.hc jcore %nd coating Lhe 
offsctive mof&lus ,,of the pisce is A weighted nvorr-.ge of-the 
moduli of the coro"a%d-'coR;t?ngti-- Th+s .v~luq is often called 
the primary modulus of elasticity of the material. w h c? 11 fhc 
proportional limit of tho cont3.n.q .is.excped.cd, howovcr, the 
offactive modulus of tha alclad wtarinl, b&sad zti the full 
thi'ckb'c'ss of, ,&he. p$,oce,,, decrcclses and Quickly approaches n 
value that is represen't..od.b.y.‘thu. modulus of elasticity of 
the core mntorisl multiplied by tha ratio of the core thick- 
ncss to ,t%e~+otal t.hi,,ckncss. This value i$ 'often cnlled the 
secondary modulus of el'nsticity of.the.maieSin.1. For enfici- 
neering puqpc~.~es, sn-iqforcc$inte average valu8 is~sometines 
used which is sma'ilbr' thrin';Ythc prinnry modulus., and lzrgor 
thhn the secondary modulus. *' '.' .' .* "' a-1, 

When n s ingl'e" &ho et of ilclwd is. :stre.,,ssod in flexurc 
instead of dirletit "t'ension or compression the Q&s'tl&n .3f 
effcctivc sod.ulus of e3.>sticity becomes even .mo,rq co.;~lox 
because th15..oo!$tf,ngI %p v5Z.tuc cf its position on the ox- 
trome fibers, exerts a greeter. ,offeci; 05 the ove;'r-•ill bc- 

.hav~or~;,~tha piece. Tests hFI.ve ir,dicHted that under these 
circu?~stan-c'ess.h pieqar~f r.;cSctd 246-T sheet having R core 

; .thic+oss:"90' p.erccatr. of tb.6 'total ' thickrte.6 s wil,l: deflect 
nbpr GIC~,L~ t'o'X;,i-Y th,a: s.+c., .ng a;, pi&" of .nons:Qd 3.43-T having .-: 
an .;,ver-all thickscos co~u~l“'t~o .93 $.oroont, of the total. 
(Sq,e r'cf'er$nce :L9. > ,,T,hipz,,approach to the prob'lcn in casts 

‘df 'fl$xure .;of, ;s'in.glo. ,.t,h~i'cktio's&o's do:ons moro...lo,gical than 
,+'tz-yirig. tc 'nrrive. :.a% .a .v,zZde. of '~affo‘ctivo modulus .of elas- 
L ytjrr . . I' .', " ,": ,., *.: " ,- ;:y,..;& ,,., .. 

' ,- -. , 
Tha nutl?sre desirf!:'.~.o".~~:Tn.~~we,d~.r: $,he assistance Of 

Mr. F. M. Ilowell,who directly superv5sed the t.estin'g work 
rso,uired in determining the data given in table I. 0 * .I ..d . ',l' .' . ,. ," " , : * ,. ,,;,::-, 'I.,? .,L_,_ - . . ' I .9 . :, . ..', ...,-. .: 1:" .- 
A.lum.inua Research L?borstories, . . 

: . ' 
'. . . . * :. A:lum~nurn,Cqr~pnqy,.of America, 

. .,: . : I 
, i, I,>. ~New,.P~ns.+pg$oni PP.., AugustV.23,,.1944:. . . . . . -- 

: ;; : .,:; :. ., : 
, 
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TABLE I 

ELASTIC CONSTANTS FOR VARIOUS WROUGHT ALUMIWUK ALLOYS 
DERIVED FBOb? PRECISE STRESS-STRAIN TESTS 

r Kodulus of elasticity, psf x lo-' I 

Alloy 

2s 9.9 
53s 9.0 
61s 9.9 

52s 10.1 
AFlS 10.1 

I I 75s 10.3 
* 25s 10.3 

I I I 17s 10.4 

Compression 

10.0 
10.1 
10.1 

10.2 
10.3 

10.5 
1q.5 

10.6 10.5 

10.7 10.6 
10.7 10.6 

Recommended 
average 

tension and 
compression 

10.0 
10.0 
10.0 

10.2 
10.2 

10.4 
10.4 

Shear Poissonls 
ratio 

3.8 O-32 
3.8 .32 
3.8 .32 

3.85 .33 
3.85 .33 

3.9 .33 
3.9 .33 

3.95 .33 

4.0 .32 
4.0 .32 

1 

. 
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Bigure l.- Specimen for uee in detemining rnoduLus of elaatfckty in ten6ion 
and cmapreseion. 



c . 

Figure 2.- Martens mirror appiratu6 and special tension grips as used in o, 
determining modulus of elasticity of aluminum alloys. 
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wken error is in magnitude of strain 
azn3. is proportioral to 'LoaL 
The correction is md.e as an increase- 
or decrease in straLr rvhkh is 
proportioml to the sbress. 
Actual strain = measured strain L 

Strain, Q 

Figure 3. 
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The correction is made as a constant - 
percentage increase or decrease in 

- Actual strain = K2 measured strain- 

Figure 4. 
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Cor&ction of stress-itrain'data ihen 

~p~~;ionaI to the load. 

~ 
error is in magnftude of load and is 

!l!he correction is made as a constant - 
p8rC8Zltag8 iZlCrea88 01 d8Cr8aSe in 

Corrected stress measured stress - 


